Introduction
The current scientific stage 1, 2, 3 leads the theories of esophageal carcinogenesis towards the thesis of genetic origin, related to successive DNA transformations 4 . Although esophageal cancer occurs universally, in certain eastern regions it represents a scourge 5 , as in these areas it is easy to evidence the connection between the disorder and local habits acting as risk factors 2, 6 . Peoples of the northeastern Iran, the Kashmir Valley in India, northern China, and certain southern countries of the ex-USSR, owing to their unique feeding patterns 7, 8 , and Asian and African peoples, owing to severe malnutrition, have a high incidence of esophageal cancer, constituting a living history of the genesis of the disorder in these regions.
Brazil is the fifth leading country in deaths by esophageal neoplasia, and the state of Rio Grande do Sul shows the highest incidence of the disease (26:10 4 people/year), which is also related to local habits such as eating barbecue and drinking chimarrão.
Other carcinogenic factors are related to the feeding habits, exerting a direct action on the esophageal mucous membrane or inhibiting the action of protective factors, such as the case of hot beverages, certain herbs, and N-nitrous compounds 7 . Modern strategies of action against cancer are focused on the prevention of precursor alterations at cell level, seeking to inhibit mutations or reverse the incipient process of the disorder at one or more of the stages of carcinogenesis 9, 10, 11, 12, 13 . The ideal agent for this purpose must be not only effective but also natural, accessible, stable, nontoxic, well-absorbed by oral route, well-tolerated, of low cost, as well as having a known mechanism of action 14 . These inhibitors include the polyphenols, chemically active substances responsible for the anticarcinogenic efficacy of tea in experimental and epidemiological studies 15 . At locations where tea is abundantly consumed, at a temperature below 55 0 C, a significant reduction in the cases of esophageal cancer is observed, suggesting an inhibitory action concerning this type of tumor.
This action of tea polyphenols appears to be related to several pharmacological effects, namely, antioxidant activity 16 , clearing of active radicals 14, 17 , inhibition of enzymes participating in the carcinogenic metabolism 18 , increment of enzymes that catalyze inhibitory actions of the carcinogenic activity 19 , inhibition of the formation of the final carcinogen, and inhibition of the binding of the active carcinogen to the DNA, preventing its methylation 20 . Although black tea accounts for 80% of the world consumption of tea, studies related to it are scarce. Research on the pharmacological effects of these infusions are more valued in the East, where the consumption of green tea predominates. Anyway, differently from previous research, recent studies in human volunteers suggest that black tea presents a anticarcinogenic effect in vivo which matches that of green tea, since the condensation undergone by its polyphenols during fermentation can be reversed under the action of the low gastric pH and metabolism 21 . In this study we have investigated the effect of black tea on experimental esophageal carcinogenesis induced by oral administration of diethylnitrosamine (DEN) to a sample of female Mus musculus mice, strain CF1.
The work was carried out in three stages: in the first, two control groups were randomly created, which received tea or water, and three treatment groups submitted to tumor induction by DEN (Rubio's method), two of which received black tea in their diet, while the third did not receive the tea; the second stage consisted in a macroscopic assessment of the animals' esophagi, recording the number of tumors ≥ 1 mm, and the histopathologic examination of these tumors and the other pieces; lastly, a comparative analysis between the groups was carried out in order to determine the degree of the influence of black tea on the chemical carcinogenesis in this experimental model.
Methods
The protocol used was approved by the Ethical Board for Animal Research of the Postgraduate Program in Surgery of UFRGS.
Animals and experimentation setting
120 female Mus musculus mice, strain CF1, were used. They were 60 days-old and had a mean weight of 31,37g at the start of the experiment. The animals were maintained at controlled conditions in the experimental animals facility of the Fundação Estadual de Produção e Pesquisa em Saúde (FEPPS). For health management, the rats were electronically weighed at 60, 90, 120 and 160 days. There were six deaths, which were not included in the data analysis.
Phase 1 -Experimental chemical carcinogenesis
The first phase of the study was the induction of esophageal carcinogenesis by oral route following RUBIO's method 22 . The carcinogen used was an aqueous solution of diethylnitrosamine -DEN (SIGMA CHEMICALS COMPANY -density 0.95 g/ml, molecular weight 102.1 and chemical formula C 4 H 10 -N 2 O), at a concentration of 0.04 ml/L of water or black tea at 1%, according to the group. The black tea -Camellia sinensis -(FLEISCHMANN & ROYAL LTDA) was always used at a concentration of 10 g/L of water (1%). The solutions were given on an ad libitum basis and offered every week as follows: one of the control groups received only water and the other only black tea at 1% daily; experimental group I (DEN I) received water for 4 days and an aqueous solution of DEN for the rest of the week; experimental group II (DEN II) received black tea at 1% for 2 days, water on the next 2 days, and a solution of DEN in black tea on the remaining 3 days; experimental group III (DEN III) received black tea for 4 days and an aqueous solution of DEN on the other 3 days.
Phase 2 -Macroscopic and microscopic analyses
The mice were killed at 160 days 23 by inhalation of sulphur ether. Their esophagi were dissected out and then longitudinally sectioned throughout their extension and their measures were recorded. After a prompt assessment of the piece using a stereoscopic microscope (4x), the esophagus was fixed in a 10% formalin solution. It was previously decided that only tumors with masses greater than > 1 mm would be considered, a determination that was done blindly. Each tumor-containing esophageal section was transversally sectioned, with the care of maintaining a visual margin of normal tissue. It was then included in paraffin and transversal 2-µm thick sections were obtained, then fixed and stained with hematoxylin-eosin (HE). The microscopic evaluation of the slides was performed blindly. The findings were classified in 4 types: normal; low grade dysplasia (increased cellularity without reaching the epithelial surface layer, frequent mitoses or discreet nuclear atypia); high grade dysplasia (pavement cells by the epithelial surface or at the basal lamina, without traversing it (carcinoma in situ), hyperchromatism or moderate nuclear atypia); and invasive carcinoma (severe cell disarray with intense nuclear atypia or pavement cells below the basal lamina).
Phase 3 -Data analysis
Data analysis was done taking as a basis all the tumors and esophageal specimens collected. Subsequently, a single pathological identity was ascribed to each animal according to the histopathologic lesion of highest grade presented.
The qualitative variables appear as absolute frequencies, and, as they involved ordinal variables, the median and minimum and maximum values were used as series descriptors. Using the Rank transformation, proposed by Montgomery, the comparison between groups was submitted to oneway ANOVA over Ranks, with localization of the differences by the DUNCAN post-hoc test. Box-plot graphs allow the visual evaluation of the differences found. The level of significance used was p < 0.05. The data were processed and analyzed using software SPSS V11.0 (Statistical Package For Social Sciences) and SigmaPlot V7.0.
Results

General observations
There were 6 early deaths, 2 from each treatment group, due to physical weakness secondary to the action of the carcinogen. The five groups presented a similar weight when they were first weighed, but over the experiment the control groups and DEN III showed a similar, positive weight variation, while group DEN I presented a negative weight variation, significantly different from the former. Group DEN II remained within an intermediate range of statistical similarity with these two blocks ( Table 1) . 
Variable
Groups
Macroscopy
The mean number of tumors was significantly greater in group DEN I and similar across groups DEN II and DEN III (Figure 1 ). The control groups did not show tumors and their esophagi served as a standard of normality (Figure 2 ). There were no differences between the macroscopic characteristics of the tumors in the treatment groups (Figures 3 and 4) . 
Microscopy
Differently from groups DEN II and DEN III, group DEN I did not present normal pieces: all had tumors, often more than one. Corresponding histopathologic findings were found in all of them.
There were 6 cases of low grade dysplasia in tissue samples considered macroscopically normal (no tumor) (Figure 5) , all of them from groups treated with tea, but there were no macroscopic lesions (tumors) without corresponding microscopic alterations. The control groups did not show changes in the tissue samples collected randomly, as there was no tumor at macroscopy. Both in the general evaluation of the lesions and the other pieces of esophagus, and in the analysis based on the lesion of highest grade shown by each individual, there was a similarity between groups DEN II and DEN III, treated with tea; nevertheless, there was a significant difference between these and group DEN I, which did not receive tea, regarding the frequency and severity of epithelial lesions (Table 2 ).
TABLE 2 -Distribution of findings diagnosed at macroscopy and microscopy
In the distribution of frequencies the data appear as absolute counts. In Groups DEN II and DEN III, which presented cell alterations of lesser severity than those of Group DEN I, the lesions were distributed in similar fashion as regards the degree of epithelial injury. There was a strong correlation between higher frequency of tumors at macroscopy and greater histopathologic severity of lesions, features present in Group DEN I, as compared to groups that received black tea (DEN II and DEN III) (Figures 6 and 7) . Group DEN I presented lesions with greater epithelial impairment. The incidence of invasive carcinoma, though small, was unique to Group DEN I. These findings, analyzed by one way ANOVA applied over Ranks, indicated three ranges of difference concerning the severity of lesions: groups Water and Tea; groups DEN II and DEN III; group DEN I (Figure 8 and Table 3 ). 
Lesions Treatment Groups Control Groups Total
DEN
Discussion
Other animals susceptible to tumor induction can be used for studying esophageal carcinogenesis, but these imply greater operational costs. In the present work, Mus musculus CF1 mice were used because they are suitable to the proposed study and costs were minimized 22 . We have chosen to use only females in order to avoid the frequent deaths resulting from conflicts of territoriality, typical of males 24 , which could compromise the investigation, as other less controllable losses are typical to this experimental model.
The experiment was designed to last 160 days based on the principles of experimental chemical carcinogenesis and the tumor size established (1 mm), since the emergence of an invasive carcinoma occurs after 120 days of DEN consumption 23 . This criterion of macroscopic analysis proved effective in evaluating carcinogenesis, as the tumors > 1 mm presented correlation with histopathologic changes in the microscopic analysis.
The weight progress of the animals, from similar initial measures (p = 0.617), became negative in group DEN I (p < 0.0001), which lacked the attenuating effect of black tea against carcinogenesis. This seemingly logical finding is not the rule in other similar studies, where chemoprophylaxis does not inhibit weight loss.
The concentration of DEN used to induce carcinogenesis (0,04 ml/L) was the one recommended in other experiments 22 . The oral route is effective and minimizes the handling of animals, besides reducing hepatotoxicity and the debilitating occurrence of tumors in other organs. The concentration of black tea was set as 1% because this is close to the one of human consumption; there is no established standard for this 25, 26, 27 . The way of administering the black tea, mixed with the carcinogen (group DEN II) or alternated with it (group DEN III), did not have an influence in this study, as the effects were similar. This fact, that DEN mixed to the black tea produces the same effect as when it is administered in alternation with tea, leads one to believe that there was no inhibition of the anticarcinogenic effect of the tea when it is mixed in DEN, in vitro. Studies of the different effects of the tea as regards the way of administering the substances 25, 28 are scanty and unclear. Reports on the use of mixed tea and DEN were not found in the literature.
The treatment groups that drank black tea presented less tumors than Group DEN I (p < 0.0001), the only one presenting tumors across all specimens examined. The mechanisms involved in this result merit further studies for elucidation, but the available evidence allows to conclude that the smaller incidence of tumors observed in Groups DEN II and DEN III (p < 0.0001) is connected with black tea.
Here we did not use the traditional Swiss roll technique for microscopy, but the perpendicular section of lesions identified at macroscopy, which permitted to exclude other lesions from the analysis and a safe confrontation of macroscopy and microscopy, as well as a careful analysis of each tumor.
Dysplasia, considered as the main precursor of epidermoid carcinoma of the esophagus and the commonest pathologic finding in at-risk populations 29 , was the parameter used in the histopathologic study for group comparison. For greater reliability of the analysis, a strict criterion was previously set for the histological rating of lesions, based on cellularity in relation to epithelial surface and basal layer, intensity and extension of the damage to cell structure, presence of mitoses and nuclear atypias, and chromatin characteristics at staining.
At the completion of the study, tumor incidence was significantly smaller in the groups treated with black tea than in group DEN I. The histopathologic analysis revealed a significantly higher incidence of normal esophagi and a lower incidence of severe dysplastic lesions and invasive carcinoma in Groups DEN II and DEN III than in group DEN I. The total correspondence between microscopic and macroscopic findings allows to consider that the presence of tumors > 1 mm at macroscopy was an affirmative element of chemical carcinogenesis in this experimental model. The similarity between the groups treated with black tea, in regard to both tumor incidence and distribution of lesions at histopathology, indicates that there was no previous chemical neutralization of diethylnitrosamine owing to its dilution in black tea (group DEN II).
Conclusion
In this study, black tea presented a significant anticarcinogenic effect, in similar fashion to a true chemoprophylactic agent, attenuating the process of esophageal carcinogenesis induced by diethylnitrosamine, both when administered separately and when administered in solution with the carcinogen.
